Polarity is a fundamental cell property essential for differentiation, proliferation and morphogenesis in unicellular and multicellular organisms. We have recently demonstrated that phosphatidylinositol 3-kinase (PI3K) activity is required for the establishment of anterior-posterior axis, leading to asymmetrical localization of F-actin in migrating monospores of the red alga Porphyra yezoensis. We also showed that the formation of the apical-basal axis via adhesion of monospores to the substratum after the cessation of migration requires newly synthesized proteins and does not depend on PI3K activity. However, little is known about the mechanism and regulation of axis conversion during development of monospores.
In this addendum, we report our investigation as to the role of the cell wall in axis conversion. Our results indicate that inhibition of cell wall synthesis prevented the development of germlings. Also, defects in the cell wall disrupted the asymmetrical distribution of F-actin and inhibited the adhesion to the substratum that is required for establishment of apical-basal axis. Hence, we conclude that the cell wall is critical for the maintenance of cell polarity in migrating cells, which is indirectly involved in axis conversion via enabling monospores to adhere to the substratum. 3 The initial establishment of cell polarity, which is exhibited in asymmetrical cell division and directional migration, depends on asymmetrical cues that lead to reorganization of the cytoskeleton and polarized distribution of cortical proteins and membrane lipids. [1] [2] [3] For directional migration of Dictyostelium cells and leukocytes, cells in the axialized form can rapidly change their body shape along with the formation of cell polarity in response to external impulses such as cAMP and cytokines, enabling them to migrate toward the external impulse with driving and contractile forces provided by asymmetrically distributed cytoskeletal elements. 4, 5 Evidence is growing that in both asymmetrical cell division and migration, intracellular compartmentalization of phosphatidylinositol 3-kinase (PI3K) and phosphatidylinositol polyphosphate phosphatases is responsible for the asymmetrical and reciprocal distributions of PI(3,4,5)P 3 and PI(4,5)P 2 on plasma membranes. This helps cells to define their polarity by organizing polarized localization of F-actin and myosin. [6] [7] [8] We used the monospores of the red alga Porphyra yezoensis to elucidate the molecular mechanisms involved in the establishment of cell polarity in plants.
Migration and asymmetrical cell division are both observed during the early development of monospores released from monosporangia produced at the marginal region of the thallus. 9,10 Thus, monospores are thought to be unique and useful materials for investigating polarity determination in plant cells. In the early development of monospores, there are two different cell axes: the anterior-posterior axis during migration and the apical-basal axis in asymmetrical cell division and upward growth of a thallus. The use of LY294002, a PI3K inhibitor, prevented the migration of monospores because the anterior-posterior axis cannot be established. This is evidence that the PI3K activity is essential for the establishment of cell polarity and asymmetric distribution of F-actin for migration of monospores. 10 Thus, the formation of the former axis requires PI3K activity and asymmetrical distribution of F-actin. 10 These results are similar to those observed in Dictyostelium cells and leukocytes, suggesting that the role of PI3K-dependent F-actin asymmetry in the establishment of cell polarity might be evolutionarily conserved in migrating eukaryotic cells. However, it is still unclear whether PI(3,4,5)P 3 corresponds to D3-phosphorylated phosphatidylinositol in P. yezoensis, since this phosphoinositide has not yet been detected in any plant cell. 11, 12 In addition to D3-phosphorylated phosphatidylinositols, it is well known that the cell wall plays an essential role in the establishment of cell polarity, a phenomenon documented in the brown algae Fucus. [13] [14] [15] It has been demonstrated that the cell wall is required for the fixation, but not the formation, of the apical-basal axis. 13, 14 In this case, polarized secretion via Golgi apparatus is needed for synthesis of the cell wall. 15 In fact, we observed that monospores whose migration was inhibited by treatment with PI3K and cytoskeleton inhibitors have no cell wall, 10 suggesting the importance of the cell wall in formation and/or maintenance of the cell axis in P. yezoensis.
To confirm this possibility, we used Brefeldin A (BFA), a specific inhibitor of polysaccharide biosynthesis required for cell wall formation via Golgi-derived vesicle trafficking. As shown in Fig. 1Aa , the cell wall was synthesized during migration of monospores. However, when freshly released monospores were treated with BFA for 3h, there was no cell wall synthesis in monospores with a rounded shape or in migrating monospores with a tapered shape (Fig. 1Ab ). This evidence led us to conclude that Golgi-derived vesicle trafficking is responsible for cell wall formation in these monospores. These results also indicated that the anterior-posterior axis during migration can be established without cell wall synthesis. Indeed, F-actin accumulated at the leading edge in the migrating monospores in the presence of BFA (Fig. 1Ad ).
Next, we analyzed the relationship between cell wall synthesis and development of germlings to confirm the functional significance of cell wall synthesis in the establishment of apical-basal axis. In the control medium, the cell wall was observed in 2-celled germlings 24 h after monospores release (Fig. 1Ba) , while the BFA-treated monospores still retained the migrating form in which the cell wall was not synthesized ( Fig. 1Bb ) and the adhesion of monospores to the substratum and development of germlings was prevented (Fig. 1Bb, c, d) . Moreover, the rate of the development of germlings from monospores decreased in a dose-dependent manner after 24h incubation with BFA (Fig. 1C) . Notably, it is significant that the polarized localization of F-actin in migrating cells was destroyed during BFA-treatment ( Fig. 1Bd ), suggesting the involvement of the cell wall in the maintenance of the asymmetrical distribution of 
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